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The therapeutic objectives in wounds of the face are restoration
of function and reduction of disfigurement. The treatment of war
injuries of the face may be divided into three types: 1) primary
complete repair, 2) temporary treatment, 3) reconstruction. Pri-
mary complete treatment is indicated for fresh wounds where tissue
loss is minimal. Temporary treatment should be used for infected
or badly contaminated wounds of some duration and for those in
which tissue loss is considerable. Reconstruction, in these cases,
should be undertaken at a later date, under more favorable condi-
tions. This work is a highly technical form of maxillo-facial surgery
and will not be discussed at this time. However, it is important to
realize that the problems of reconstruction may be magnified many
fold by improper early treatment. The results of bone infection,
the unsightly scars of widely placed, tight coarse sutures left in
position too long, may prove insurmountable obstacles to satisfactory
reconstruction.
Certain characteristics of the facial tissues are quite favorable to
their surgical repair. Important among these are the excellent
blood supply and the relatively high resistance to infection. Gas
gangrene of the face is practically unknown.
For discussion purposes, it is convenient to classify facial injuries
on the basis of the tissue involved (Table 1).
TABLE 1
CLASSIFICATION OF FACIAL INJURIES
1. Covering (skin)
2. Supporting (skeletal)
3. Lining (mucous membrane)
Uncomplicated lacerations of the skin and subcutaneous tissues,
without excessive tissue loss, should be treated by complete primary
repair, during the first 12 hours. Wounds of this type form a
* From the Department of Surgery, Yale University School of Medicine. Pre-
sented at the American College of Surgeons' War Session, New Haven, Connecticut,
March 30, 1942.YALE JOURNAL OF BIOLOGY AND MEDICINE
high proportion of the injuries resulting from aerial bombardment.
Complete hemostasis is essential and should be obtained without the
use of ligatures when possible-warm saline packs or light electro-
coagulation may be used. Copious irrigation with normal saline
solution serves to remove particles of dirt, loose foreign bodies, and
blood clot. Imbedded foreign bodies should be carefully searched
for and removed. Adequate illumination and suction will facilitate
this procedure. Devitalized shreds of subcutaneous tissue are
excised but skin excision should be limited to badly damaged tags.
Routine wound excision is not recommended in facial surgery.
Suture may be satisfactorily accomplished by the use of vertical
mattress stitches of fine suture material, avoiding widely placed or
tight stitches. Sutures should be removed in 3 to 5 days. The
use of skin flaps is not recommended at this stage; if wound closure
is not possible without undue tension, it is better to utilize some form
of temporary treatment, to be described shortly.
Facial wounds treated after 12 hours, and certain earlier wounds
in which contamination is extensive, should be handled in the
manner just described, except that the wound is left unsutured and
covered with a protective dressing of vaseline gauze or similar mate-
rial. Local chemotherapy may be applied at this stage. If signs
of infection are absent after 48 hours, the wound edges are approxi-
mated in the usual manner.
Wounds complicated by considerable tissue loss are handled on
the basis of temporary treatment, beginning with debridement* in
the usual manner. If treated during the first 6 hours, partial clos-
ure is carried out where possible and the remaining defect may be
covered by a Thiersch graft. Where treatment is delayed beyond
this period, local chemotherapy and vaseline gauze or similar pro-
tective dressing may be applied. Suitable skin graft is subsequently
carried out as soon as the condition of the wound justifies this
procedure.
Simple wounds of the m'ucous membrane should be treated in
the same manner as those of the skin. The hazard of secondary
infection is greater and drainage, preferably external, should be
applied when evidence of infection appears. Wounds involving
both the skin and mucous membrane are sutured in separate layers.
It is usually advisable to provide for external dependent drainage.
There would appear to be no contraindication to the use of local
* Not wound excision.
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chemotherapy in the form of sulfanilamide as an accessory in the
treatment of any of these injuries. It should be emphasized, how-
ever, that complete surgical treatment of the wound is the most
important factor. When the sulfa drugs are applied locally, they
are lightly dusted or "frosted" on the wound surfaces. Large
amounts of the drugs imbedded in the tissues may produce unde-
sirable tissue reactions.
Injuries of the skeletal structures of the face are frequently com-
pound and bone infection is not uncommon. Fractures of the nasal
bones often pass undetected in the treatment of air-raid casualties.
These fractures should be treated early by disimpaction and reduc-
tion, using internal elevation. External splinting is usually unnec-
essary. A word of caution should be mentioned in the case of nasal
fracture complicated by basal frontal fracture with cerebrospinal
rhinorrhea. Manipulation of the nasal fracture under these circum-
stances probably increases the hazard of meningitis. Immediate
prophylactic chemotherapy is indicated in these cases.
Fractures of the malar-zygomzatic region are more commonly
overlooked than any other facial fracture. Unless detected early,
they are obscured by subsequent local swelling. Complications are
damage to the maxillary antrum, depression of the orbital floor, and
interference with mandibular movements. The malar-zygomatic
fragments are usually displaced downward and inward. Special
radiographic projection is usually required to demonstrate the
deformity (Fig. 1). Reduction is accomplished by open operation
through a small incision above the zygoma; the fragments are dis-
impacted and elevated by means of a hook or lever. This should
be done before excessive swelling develops.
Fractures of the maxilla are frequently compound and often
involve the tooth-bearing portions. Since the therapeutic problem
is chiefly that of correcting faulty occlusion, treatment should be
carried out in conjunction with a dental surgeon. In some cases,
reduction and fixation may be accomplished by interdental wiring
between the upper and lower teeth. If this is not sufficient, traction
may be applied by means of dental outriggers and a head cap
(Fig. 2). Grossly infected teeth in the region of the fracture line
should be extracted if they are not required for fixation. Serious
infection is not common since dependent drainage is present.
Fracture of the mandible is likewise a problem reauiring the
skilled assistance of a dental surgeon. Reduction and fixation are
455YALE JOURNAL OF BIOLOGY AND MEDICINE
accomplished by interdental wiring, using the upper teeth as a splint
(Fig. 3). For complicated multiple fractures and for edentulous
cases, dental bars or splints are necessary. Infected teeth, adjacent
to the fracture line, should be extracted, unless urgently required
for support. Since these fractures are usually compound, scrupu-
lous mouth hygiene is necessary. If infection occurs, external
dependent drainage is indicated.
Wounds of the skin, skeletal, and lining tissues combined fre-
quently involve considerable tissue loss in addition to the factor of
the compound fracture. These wounds often demand ingenious
treatment of the temporary type, aimed to cover the exposed bone.
Debridement should include removal of loose fragments of bone
not attached to periosteum, as well as of all foreign bodies. Local
chemotherapy is probably advisable. Closure is effected by suturing
the skin to mucous membrane, after replacement of viable bone
fragments in correct position. External dependent drainage should
be provided and appropriate immobilization applied. Later recon-
structive procedures are required in most of these cases.
Scalp wounds are of special importance because of the possibility
of associated unsuspected intracranial injury and the hazard of
extending infection. Neglected or poorly treated scalp wounds
resulting from air-raid injuries have proven a source of many lost
working hours which were entirely preventable. Correction of the
usual complacent attitude concerning scalp wounds is urgently
required. Treatment includes excision of crushed scalp margins,
copious irrigation with normal saline solution, debridement including
removal of blood clot and foreign bodies, and accurate hemostasis.
Careful inspection for underlying fracture is facilitated by adequate
illumination and suction. If fracture is suspected, preliminary
roentgenography of the skull should be carried out. Local chemo-
therapy is probably advisable, especially when treatment is delayed.
The wounds should be accurately sutured and a drain inserted if
treatment is late. When tissue loss is extensive, bare bone should
be covered, by scalp flaps if necessary. If primary closure of the
flap bed is impossible, this may be covered with a Thiersch graft.
The possibility of associated intracranial injury should always be
considered.
Cranial injXuries (Table 2) are rather frequent among air-raid
casualties. It is necessary to decide early whether or not a fracture
is compound. Simple fractures are of little consequence of them-
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selves. Compound fractures connecting with a laceration of the
scalp require careful debridement including removal of loose bone
fragments, irrigation, local chemotherapy, and suture, within 6 hours
whenever possible (Fig. 4). Fractures communicating with the
TABLE 2
HEAD INJURIES - CLINICAL
Skull fracture: (A) Simple
(B) Compound
Brain: (A) Concussion
(B) Contusion
(C) Laceration
(D) Hemorrhage
1) Extradural
2) Subdural
3) Subarachnoid
4) Parenchymal
5) Ventricular
nose or ears are compound and are usually detected by the flow of
blood, spinal fluid, or macerated brain from the appropriate orifice.
Irrigation of auditory or nasal canals is contraindicated. Persistent
spinal fluid leaks from the nose (Fig. 5) may require surgical repair
by craniotomy; spinal fluid otorrhea practically always subsides
spontaneously. Since the hazard is chiefly that of infection, general
chemotherapy (sulfadiazine) is advisable.
Depressed fractures. are seldom sufficiently large to require
immediate elevation unless they are compound. Elevation of the
depressed fragment may be advisable at a later date. All patients
with fracture of the skull should be suspected of underlying brain
damage until proven otherwise.' Observation for from 10 days to
2 weeks usually suffices to eliminate the probability of serious asso-
ciated brain injury. X-rays of the skull should be obtained on all
cases of head injury before discharge from the hospital. However,
rushing the patient to x-ray immediately after admission usually
does more harm than good.
Brain injury. In those patients without compound cranial
wounds, the chief question is that concerning the presence or absence
of brain injury. The history of a period of alteration of conscious-
ness following the accident is the most consistent indication of brain
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injury. This alteration of consciousness may vary from simple
clouding of memory to a state of profound coma. The state of
consciousness bears a quantitative relationship to the degree of
injury.
Concussion is the mildest form of brain injury, being essentially
a temporary physiological alteration without evidence of subsequent
anatomic damage. The treatment is simply rest, preferably in bed;
the time depending upon the severity of the concussion.
Contusion of the brain, like that of any other soft tissue, is fol-
lowed by swelling, local areas of hemorrhage, and often permanent
damage to the contused area. The alteration of consciousness is
usually greater than in concussion and there may be demonstrable
evidence of anatomic damage, depending upon the site of the con-
tusion. Not infrequently the contusion is on the side of the brain
opposite the site of the blow (contra-coup). There is usually blood
in the spinal fluid and restlessness may be a prominent symptom.
The treatment is rest in bed until symptomatic recovery has well
progressed, usually for 2 to 3 weeks. Lumbar punctures may be
helpful if they give symptomatic relief.
Laceration of the brain is characterized by pathologic and symp-
tomatic criteria similar to those of brain contusion, but usually more
severe and frequently followed by permanent signs of brain damage.
Both laceration and contusion are followed by ultimate scar forma-
tion which may give rise to traumatic epilepsy. The treatment of
laceration of the brain is similar to that for contusion.
Hemorrhage. Certain types of traumatic hemorrhage within
the cranial cavity are a source of the greatest surgical urgency. The
severity of hemorrhage is not necessarily proportional to the magni-
tude of the original injury. Hemorrhage within the closed cranial
cavity tends to compress the brain. If this compression occurs
rapidly there maybe consequent changes in the pulse, blood pressure,
and respirations.
Extradural hemorrhage usually occurs as the result of a tear of
the middle meningeal artery, where a fracture line crosses the bony
groove of the artery. The immediate effect of the trauma may
appear to be no more than a mild concussion. However, after a sub-
sequent lucid interval of several hours, signs and symptoms of brain
compression make their appearance. Drowsiness supervenes, fol-
lowed by deepening coma. The characteristic slowing pulse rate
and rising blood pressure are frequently observed in cases of extra-
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dural hemorrhage. Contralateral paralysis and dilatation of the
homolateral pupil often give a clue to the side of the hematoma.
Since a fatal termination may be expected within a matter of several
hours after the time of secondary impairment of consciousness,
appropriate surgical treatment must not be delayed. The treatment
consists of a limited craniotomy at the site of the hematoma, evacua-
tion of the clot, and arrest of the hemorrhage. Such treatment,
done before the terminal stage has been reached, is a life-saving
measure.
Subdural hemorrhage, though less dramatic in the rapidity of its
effects than is extradural hemorrhage, is equally fatal unless ade-
quately treated. The bleeding is usually venous in character and
spreads out in the subdural space, sometimes covering an entire cere-
bral hemisphere. The initial trauma and primary symptoms may
be relatively mild and the lucid interval frequently covers a period
of several days or even weeks. The characteristic pulse and blood
pressure changes of cerebral compression may be present, but too
much reliance should not be placed on these. The diagnosis is sug-
gested by progressive neurological changes, localized convulsions,
unilateral pupillary dilatation, or increasing drowsiness. At times
the only clue to the condition may be failure of recovery within a
reasonable period after the injury. The treatment is evacuation of
the hematoma; this can frequently be accomplished through a burr
hole in the skull with an opening in the dura. If the hematoma is
not found at the site first suspected, further burr holes may be made
in other locations. The localizing signs of subdural hemorrhage
may be extremely misleading, occasionally with complete reversal of
lateralization.
Subarachnoid hemorrhage frequently occurs as the result of
cerebral contusion or laceration. The bleeding is usually not intense
and the blood quickly spreads in the subarachnoid space, where it
mixes with the cerebrospinal fluid and can be detected by lumbar
puncture. The symptoms are restlessness, stiffness of the neck, and
moderate fever. The treatment consists of removal of the bloody
spinal fluid by spinal puncture; this may be repeated if it is found
to afford symptomatic relief. Lumbar puncture is usually deferred
for 24 hours following the injury. The general treatment is symp-
tomatic and bed rest for two or more weeks.
Parenchymal hemorrhage occurs most frequently in the form of
multiple petechial hemorrhages scattered throughout the brain,
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especially in the white matter. There is no specific treatment for
this type of intracerebral hemorrhage. Occasionally a large intra-
cerebral hematoma may develop, usually at the junction of the gray
and white matter. The symptoms are those of an expanding cere-
bral lesion, usually with evidences of increased intracranial pressure.
The diagnosis may be difficult, especially differentiation from sub-
dural hematoma. The treatment is craniotomy and evacuation of
the hematoma.
Intraventricular hemorrhage is uncommon, being seen chiefly as
the result of very severe, rapidly fatal injuries. The symptoms are
extreme restlessness, hyperthermia, progressive coma, and respira-
tory irregularity. Rarely, a fatality may be avoided by frequent
spinal drainage and symptomatic treatment, especially for the control
of hyperthermia.
Compound cranio-cerebral wounds were regarded among the
most unfavorable injuries during the major part of the last World
War. These wounds, with indriven skull fragments, traversing or
penetrating missiles (Figs. 6 and 7), contusion and laceration of the
brain, and hemorrhage of all varieties, require all the resourcefulness
of a skilled neurosurgeon to hold the mortality within reasonable
limits (Fig. 8). Fortunately these cases tolerate transportation well
and should have the advantage within less than 12 hours of special-
ized surgical care, whenever possible. Cushing's great contribution
to the treatment of these injuries was the application of the method
of bloc excision and thorough debridement. To quote his own
words: "In the technique which has come to be utilized in the later
cases in this series, and which is capable, doubtless, of further
development in many directions, not only the scalp wound but the
contaminated cranial wound as well have been excised en bloc. Sub-
sequently, by the aid of alternate irrigation and suction through a
soft flexible catheter inserted in the track, the clots and devitalized
brain substance are painstakingly removed, the fragments of bone
detected by the catheter are picked out by delicate forceps, and the
projectile in as many cases as possible is extracted by the magnet.
In short, the same principles of debridement utilized so successfully
for wounds elsewhere, have in their essentials been adapted to
wounds involving the brain." The results obtained by these
methods are summarized in the accompanying table (Table 3).
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TABLE 3
HEAD INJURIES ACCORDING TO SEVERITY
Cushing, 1918
Mortality
Scalp wound-cranium and dura intact 4.5 %
Local fracture-dura intact 9.2%
Depressed fracture-dura punctured 11.8%o
Fracture-bone fragments in brain 24.0go
Bone and projectile in brain 36.6%o
Penetrating ventricles-by bone 42.8%o
Penetrating ventricles-by projectile 100.0%
Cranio-cerebral-involving air sinuses 73.3%o
Cranio-cerebral-traversing 80.0%
Cranio-cerebral-with massive fracture 50.0%o
The principles of treatment of compound cranio-cerebral wounds
remain essentially the same today as when they were established by
Dr. Cushing. Electro-surgical methods have made possible more
extensive debridement of the brain, amounting at times to wound
excision. Local and general chemotherapy, especially with sulfa-
diazine, promise to afford valuable assistance in controlling infection.
Plasma infusions permit operative treatment to be carried out under
more favorable circumstances. In spite of these advances, however,
the problem remains a most difficult one, which is not susceptible of
satisfactory solution by easy short-cuts. At the close of his "study"
in 1918, Cushing stated: "There is every reason to believe that by
earlier operations, and by further improvements in technique along
the lines of painstaking aseptic surgery, the accepted high mortality
of cases with dural penetration can be very largely cut down; and
if this long presentation of a single series of cases can help to bring
this about, by serving as a score against which others working under
similar conditions may successfully compete, it will have served its
purpose." It is well to keep his score before us when evaluating
future results.
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H. K. Lewis & Co. Ltd., London, 1939.FIG. 1. Depressed fracture of malar-zygomatic region. (Courtesy of Dr. L. N. Claiborn.)
FIG. 2. Outrigger and headcap for fracture of maxilla. (Courtesy of Dr. B. G. Anderson.)
FIG. 3. Interdental wiring. (Courtesy of Dr. B. G. Anderson.)
FIG. 4. Compound depressed frontal fracture..~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
FIG. 5. Frontal-cribriform fracture with cerebrospinal rhinorrhea and intracranial pneumatocele.
FIG. 6. Gun-shot wound; particles of bullet and bone in brain.
FIG. 7. Gun-shot wound; excised bloc of cranium. (From Cushing, Study of Brain Wounds.)
FIG. 8. Traversing wound with retained fragment; note unusual ricochet effect. (Courtesy of
Dr. S. C. Harvey.)